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INTRODUCTION
Fecal diversion is necessitated for various benign or malignant conditions. Although stoma creation has traditionally required laparotomy, various minimal invasive techniques have been proposed to decrease the physiological burden of surgery (1) (2) (3) (4) (5) . Laparoscopic stoma creation has been used for over two decades as an alternative technique to the conventional open stoma construction, since it has shown to be associated with shorter hospital stay, less postoperative analgesia requirement, and shorter time to flatus, bowel movement and tolerance of a solid diet (6) (7) (8) (9) (10) .
Some other techniques have proposed to use the stoma incision for catching and pulling the planned bowel segment through for stoma creation without an additional incision or trocar site for the exploration. Trephine colostomy has been shown to be associated with improved cosmesis, less pain, quicker recovery compared with laparotomy (11, 12) . Case series and reports have described the variations of this technique, and have used further attempts including blunt finger dissection or insertion of camera through incision for further exploration (4, 5) . Single incision laparoscopic surgery (SILS) trocars have been used through planned stoma site for the same purpose (3, 13) . Some have also used colonoscopy for assisting the stoma creation (2) . However, complications have been reported related to limited visualization in nolaparotomy including the stapling of wrong limbs and inadvertent small bowel injury (12) .
Current study describes two different preoperative imaging techniques on defining the most suitable location when a stoma creation has been intended without a laparotomy. In addition, the outcomes of no-laparotomy colostomy creation technique are compared with the results of conventional stoma construction procedure with laparotomy.
METHODS
A novel diverting colostomy technique has been initiated in 2015 at Department of Colorectal Surgery at XXXXX Medical School. This practice has aimed to create a diverting transvers colostomy through the stoma site (no-laparotomy group), where an experienced radiologist preoperatively marked using computerized tomography images with/without special abdominal x-ray scans. The details of the imaging techniques are described below.
The patients operated with no-laparotomy transvers colostomy creation technique have been compared with those operated with a conventional stoma creation method with laparotomy (laparotomy group) at Department of General Surgery at YYYYYYY. A retrospective analyze has been completed including all consecutive patients necessitated a diverting colostomy for benign or malignant problems between 2015 and 2017 in both departments.
The inclusion criterion is the procedure of diverting colostomy as the sole operation, thus patients have been excluded if they received a diverting colostomy as the consequence of a resection-anastomosis procedure. In addition, trauma patients necessitating other repairs or presented with intraabdominal sepsis such as those presenting with an iatrogenic colon perforation at the time of colonoscopy have not been included to the study in order to homogenize the information. Prior to the initiation of the data retrieval the local ethics committee has approved the content of the study (No:10840098-604.01.01-E.21331) and the study was registered at http://www.researchregistry.com (researchregistry3679).
Preoperative Imaging Techniques
The aims of the technique are to exclude the necessity of a laparotomy or laparoscopy during the stoma creation and to minimize the size of the stoma in order to prevent stoma related complications. 3D computerized tomography guided diverting transverse colostomy technique necessitates close co-operation of the surgeon with an experienced radiologist, who defines the projection of transverse colon on the skin using the 3-D coating technique (Figure 1 ). Then the distances between the target location for the stoma and umbilicus and xiphoid are measured and noted. In some patients, clinicians may decide to continue with an additional measure. In these cases three different size coins are vertically attached on the skin between the umbilicus and xiphoid. Then a standard abdominal x-ray is taken while the patient is in a supine position. Transverse colon is recognized with the gas formation in it, and the most suitable location for stoma is estimated while considering the images of the coins (Figure 2 ). At the beginning period of the study, surgeons have preferred to use X-ray examinations, however consequently the preoperative evaluation has evolved to use of computerized tomography as the single technique imaging in years. Transvers colon does not have attachments to the retroperitoneum, which makes it highly mobile. Thus, this portion of the colon can be easily taken to the skin without tension, so this bowel segment has chosen for stoma construction. The most appropriate location for stoma is marked with the cooperation of the surgeon and radiologist. Finally, stoma-therapy nurse has examined the patient, questioned the intended stoma site for patients' postoperative comfort, and then has had the option of relocating it a nearby location, 2-3 cm far from the initial site.
After the decision of accurate stoma location, a 3 to 5 cm-long midline facial incision is completed beneath the circular skin incision under the general anesthesia. The transverse colon is detected through this incision and taken out of the abdomen with meticulous mobilization from its attachments particularly omental connections. The stoma is created over of loop ostomy rod. No additional incision or trocar insertion has been planned for these cases ( Figure 2 ). If an additional incision or trocar insertion is necessitated in no-laparotomy group, it is defined as the failure of the technique. These measures have been abstracted and compared between the two groups: patients' demographics, American Society of Anesthesiology (ASA) score, body mass index (BMI), and concomitant diseases, previous abdominal operation and type of incision, preoperative radiation therapy or chemotherapy for the primary disease, number of on-chemotherapy patients, the indication for stoma, timing of the operation, length of incision, operation time, bowel segment for the stoma, time to the beginning of stoma function, length of stay, stoma and general complications, reoperation rate and reason, and rates and reasons of re-operation and 30-day mortality reasons. Finally, stoma size and the presence of a possible parastomal hernia have been specifically questioned with the re-evaluation of the computerized tomography scans in patients for whom this diagnostic tool has been used for the evaluation of ongoing disease. The latest scan has been used for this evaluation, and the interval between the operation and time for the CT has been also noted as follow-up period. If the patient has been using chemotherapy during the last 30 days before operation, the condition is defined as 'onchemotherapy'.
Statistical Analysis
Data were analyzed by using SPSS 21.0 for Windows (Armonk, NY, IBM Corp). Results were given as percentages, mean and standard deviations or median and ranges. Quantitative and qualitative variables were compared with Student's t-test or Mann-Whitney U test and Chi-square (Pearson's or Fischer's Exact) tests, respectively. A p value less than 0.05 was considered to be significant.
RESULTS
During the study period, a diverting transvers colostomy has been performed in 18 consecutive patients at XXXXX Colorectal Surgery Department. For assessing the stoma site, 3D tomography guidance was preferred for all patients, and in 9 (50%) cases additional assistance was necessitated for marking with abdominal X-rays and attached coins on the bully. Accordingly the stoma site was marked. There were not any patients, who necessitated an additional incision or trocar insertion in nolaparotomy group, so the success rate of the technique was 100%. During the same period a total of 27 cases received a diverting colostomy at YYYYYY General Surgery Department. In order to homogenize the information, trauma patients (n=9) and those has necessitated a colostomy because of an iatrogenic perforation during colonoscopy (n=2) have been excluded leaving 16 cases in laparotomy group. Thus a total number of 34 patients (20 [58.8%] women with a median [±SD] 53.3±16.4 years) are the subjects of the current study.
Demographics and other patient related features were similar within the groups, however there were significantly more diabetic patients in the laparotomy group (p=0.039) ( Table 1 ). The indications for stoma creation and operation timing were not statistically different between the groups. Although the rate of a history of a radiation therapy was similar, there were significantly more patients in no-laparotomy group who had received chemotherapy (p=0.009). The incision size, operation time and length of stay were significantly shorter in no-laparotomy group (p<0.001 for all). However, in contrast to the nolaparotomy group, where transvers colon was used for stoma construction, sigmoid colon was preferred as stoma site for 62.5% of patients in laparotomy group (p<0.001) ( Table 2 ). The rates of stoma related problems were similar between the groups. Besides surgical site infection rate was significantly more in laparotomy group (Table 3) . Two patients necessitated a reoperation; stoma was revised in one (5.6%) in no-laparotomy group because of prolapse, and another case (6.2%) in laparotomy group necessitated wound closure because of evisceration (p=0.999). Two (11.1%) cases both in no-laparotomy group deceased because of sepsis and respiratory failure on postoperative days 6 and 30, respectively. Current study retrospectively has evaluated postoperative computerized tomography scans in order to question a parastomal hernia and final size of the stoma. Eleven (61.1%) and 5 (31.3%) patients have had CT scans for various reasons mostly for the evaluation of primary disease in nolaparotomy and laparotomy groups, respectively; and the interval between the stoma creation and CT scan has been significantly longer in nolaparotomy group (8.6±7.2 vs 3.2±2 months, p=0.04). These examinations have revealed that the rates of parastomal hernia (2 [18.2%] out of 11 vs 1 [20%] out of 5 in no-laparotomy and laparotomy groups, respectively, p=0.999) and the sizes of the fascia defects have been similar (39.7±25.5 vs 44.4±5.7 mms in no-laparotomy and laparotomy groups, respectively, p=0.697).
DISCUSSION
Fecal diversion may be required for a various number of conditions, and is sometimes the sole practice in the abdominal cavity, particularly when a resection-anastomosis or repair procedure is not the case. For these instances, different techniques have been described for stoma creation without a laparotomy or insertion of additional trocars (1) (2) (3) (4) (5) (12) (13) (14) . Trephine stoma has been proposed years ago, and different variations have been described (2, 5, 11, 12) . The introduction of the SILS port from the stoma site have been shown to be feasible, since the exploration is practicable and the most suitable bowel segment is easy to detect with the laparoscopic examination of the abdominal cavity (3, 13) . Direct positioning of the camera through the stoma site without the insertion of a trocar has been also proposed as gasless laparoscopic-assisted intestinal stoma creation technique (5) . It has been also advocated that mobilization of the colon with finger dissection is practical through the stoma site (12) . However, it has been reported that limited visualization may lead complications including the stapling of wrong limbs and inadvertent small bowel injury (12) . In our opinion, another major concern of these techniques is the fact that surgeon does not know the best location for stoma creation on the skin at the beginning of the operation, where the bowel segment is easily taken out for a tensionfree stoma construction, since a preoperative workup has never been considered during the preoperative period. Preoperative imaging may increase safety and success rate of no-laparotomy stoma creation. In a previous study, it was noted that 4 patients out of 36 (11%) necessitated a laparotomy particularly because the bowel segment could not be taken to the wound (12) . However, after a proper preoperative work-up, the success rate was 100% in our series. A previous case report has also shown that a no-laparotomy technique may be suitable in even a multiply scarred abdomen, when a preoperative plan for the patient is considered with the use of computerized tomography (15) . Thus, we believe that the technique has been described in this study, has a new point of view, since preoperative imaging gives the surgeon to make a preoperative individualized plan for the patient to find the best location for stoma.
Since it has been aimed to analyze the outcomes of no-laparotomy technique in constructing a diverting colostomy without a laparotomy, current study includes the patients, who have had a conventional colostomy creation with laparotomy in another institution as a control group. There have been more diabetic cases in laparotomy group and there have been more patients who had chemotherapy in no-laparotomy group. In addition, sigmoid colon has been the location for colostomy in significantly more patients in laparoscopy group. Besides these differences, we believe that the patients in no-laparotomy and laparotomy groups seem to be homogenous and comparable.
Previous studies have shown that the outcomes may improve including operation time, postoperative pain, length of stay and time to chemotherapy or radiation therapy, if the stoma creation is achieved without necessitating a laparotomy (16, 17) . Current study has also revealed the benefits of no-laparotomy technique. Regarding the perioperative outcomes, operation time is longer in laparotomy group, probably because entering to the abdomen and closing the incision have required extra time. As expected, the length of incision has been longer in this group. However, although number of patients in the study is limited, the rate of surgical site infection is significantly lower, and the length of stay is significantly shorter in nolaparotomy group. This is an important point, since 4 patients (25%) have experienced surgical site infection, and a laparotomy has necessitated due to evisceration in a case. Although high frequency of surgical site infection may be questioned, it is probably related to the poor condition of the patients and/or the underlying disease in our series. In our opinion, these results are exhibiting how important is to avoid laparotomy in these patients.
Some may also question the safety of nolaparotomy technique particularly in those who has previously had an abdominal surgery. In a previous study by Stephenson et al (12) 12 out of 36 (37%) patients has undertaken a no-laparotomy technique, had had previous abdominal surgery. However, same series has also shown that all 4 patients who necessitated a conversion to laparotomy had had previous laparotomy, which was the only significant factor for conversion. In another study, no-laparotomy technique was achieved in 4 (71%) out of 7 cases (18). In our study half of the patients in the no-laparotomy group had the history for an abdominal operation, and of those 4 (44%) had an upper midline incision, where is possibly interfering with stoma site. Preoperative operative planning may be beneficial in these patients. A case report has shown that this technique may also be practical in a multiple scarred abdomen (15) . Similarly, the conversion to conventional or laparoscopic surgery has been necessitated in nolaparotomy group in the current study. Thus, in our opinion, current study shows that no-laparotomy technique may still be feasible and safe in cases, who have previous laparotomy.
Current study has aimed to evaluate the parastomal hernia rate in long term after colostomy creation. Besides the limited the number of patients, who have scanned with computerized tomography during the follow-up period, no statistical difference has been shown between the risks of hernia in two groups. We believe that regarding this long-term complication; both techniques may be similar, although the number of cases in the study is restricted.
Current study has some limitations. The retrospective design of the study and the limited number of patients particularly while analyzing the long-term parastomal hernia rate are the two major concerns of the study. In addition, since the patients in two groups are operated at different institutions, the outcomes may be biased with the surgeon and hospital related aspects. For example, more than half of the patients in laparotomy group have had a sigmoid colostomy, while all patients in the nolaparotomy group have had a transvers colostomy, which may be probably related to the routine practice and experience of the surgeons. However, we still believe that this comparative study describes a considerable technique, which may be used in patients requiring a diverting stoma.
CONCLUSION
Current study suggests preoperative imaging in all cases for whom a diverting colostomy without laparotomy is intended. Length of incision, operation time and hospitalization period are shortened if a laparotomy is avoided, and the rate of surgical site infection decreases. In our opinion, no-laparotomy diverting colostomy technique is a safe and rapid procedure, and may have better results compared to conventional technique.
